In this paper a two-stage Data Envelopment Approach (DEA) is used to assess the relative efficiency of container shipping agents operating in Spanish ports, studying also its influencing factors. In the first stage, an input-oriented, Variable Returns To Scale (VRS) model is used to compute efficiency scores of the different shipping agents. The model considers labor as input and numbers of loaded and unloaded containers handled as outputs.
Introduction
As globalization emerged in the international economy, maritime traffic has been increasing continuously in the last decades and its agents have internationalized its activity (Gadhia et al., 2011) . The ports, that traditionally were simple points of transhipment between ships and land transportation (Mangan et al., 2008) , have became in logistic platforms and in important clusters of economic activities (Thai, 2012) due to the fact they are indeed linkages between service providers, facilitators, operators and end customers (Pettit and Beresford, 2009 ).
Vessel size has increased dramatically in that period and fewer ports were able to handle larger vessels, concentrating this large maritime traffic in certain ports (Mangan et al., 2008) . While global maritime freight has grown, there is an imbalanced traffic across different corridors, especially in the case of containerised traffic (Mangan et al., 2008) . On the other hand, in the maritime shipping supply chain, the performance and coordination of four different players are required: ports, shippers, containers depots and shipping agents.
In the literature review, several studies about the first three agents are found (Wang and Meng, 2012; Thai, 2012; Pallis et al., 2010; Benito et al., 2003) . Regarding the shipping agents, they are the representatives of the shippers in the port, in charge of all the administrative and commercial tasks. Their activity increases the efficacy in the supply chain operations, as a result of their experience and know-how (Bichou, Bell, 2007) . One possible way of measuring that efficacy is by assessing the service quality, the load/unload ratios, and handling costs, all of which serve as key factors for the selection of a specific shipping agent (Saeed, 2009) . Their role is determinant also in the development of the short sea shipping and the sea motorways (Beškovnik, 2006) . However, in spite of their importance in the efficient operation of maritime transportation, shipping agents have deserved limited attention from researchers, with just a few works dealing with that role (Saeed, 2009 , González-Torre et al., 2013 .
For our study we are going to focus on data coming from the Spanish ports. In the last 50 years, the million tonnes moved through its maritime port system was multiplied by 7, reaching more than 400 millions tonnes per year. Furthermore, the Spanish shipping agents studied here handled an annual average of 16,886 exported TEU and 19,356 imported TEU.
That national port system, composed of 28 ports, includes one of the most important Mediterranean hubs (Barcelona), the largest Mediterranean (and fifth in Europe) in container traffic (Valencia, with 3.7 million TEUs in 2009, out of the 7.7 millions of all Spain), or Bilbao, one of the most important transport and logistics centres in the European Atlantic Arc. For that reason, the Spanish shipping agents are mainly concentrated around these three ports. And although in most of cases the shipping agents belong to a multiorganisational business group, they are mainly small firms, which activity in the maritime industry began 30 years ago.
The motivation to use DEA in the present research is supported by DEA being a well established non-parametric frontier analysis technique, capable of evaluating the relative efficiency of a set of operating units (commonly termed Decision Making Units, DMU) with multiple inputs/outputs (for further details see, for example, Thanassoulis, 2001 , Cooper et al., 2004 , 2006 , Zhu, 2002 . DEA has been applied in many different industrial and service sectors, among them to maritime transport. Thus, the efficiency of both general ports and container terminal has been extensively studied (e.g. Tongzon, 2001 , Barros and Athanassiou, 2004 , Cullinane et al, 2006 , Wang and Cullinane, 2006 , Barros, 2006 , Ríos and Maçada, 2006 , Pallis and Syriopoulos, 2007 , Kamble et al., 2010 , Lin and Tseng, 2007 , Hung et al., 2010 , Wu and Goh, 2010 , Cullinane and Wang, 2010 . Special mention may be made to Bichou (2011) for it uses a network DEA approach for measuring container terminal efficiency. DEA has also been used to estimate the productivity growth of ports (e.g. Estache et al, 2004 , Barros and Peypoch, 2007 , Guironnet et al., 2009 , Lozano, 2009 , Haralambides et al, 2010 , Barros et al., 2012 and of shipping companies (Managi, 2007 , Gutiérrez et al., 2014 as well as for capital budgeting of ports (Lozano et al., 2011) .
However, probably because of data availability issues, the efficiency of shipping agents seems not to have been studied before. This is surprising given the importance of shipping agents as the agents of shipping companies at a port and, as such, responsible for the handling of the freight loaded and unloaded in that port.
In this paper the results of a study of 85 shipping agents operating in Spanish ports are presented. The data have been obtained through a survey of the companies. Details of the survey are reported in González-Torre et al. (2013) in which a clustering of the shipping agents has also been carried out. From the survey responses input and output data were selected for an efficiency assessment using DEA. Specifically a two-stage approach is used so that the efficiency scores obtained in stage one are regressed in stage two against some exogenous variables.
The structure of the paper is the following. In section 2 the stage one of the DEA approach and the corresponding relative efficiency results are presented. Section 3 presents the second stage of the analysis. Section 4 summarizes and concludes.
Stage one: Efficiency scores of shipping agents
To gather data for the analysis, we considered the census of all shipping agents listed in the documentation published by the Spanish Port Authorities (250 companies). During 2008, we carried out a survey in which 85 of these companies participated (among them 19 shipping agents from Valencia, 18 from Bilbao and 13 from Barcelona), which means a response rate of 34% and a sample error of 8.43% at a confidence level of 95%.
The data collected from the survey and used to assess the efficiency of Spanish shipping agents are shown in Table 1 . DEA models require the identification of inputs and outputs. Wang et al. (2005) discuss the variable definition for port efficiency estimation. They stated that port production depends on the efficiency use of labor, land and equipment. In our case, due to lack of direct information on port infrastructure/superstructure, only information on labor input has been considered (Notteboom et al. 2000) . On the other hand, container throughput is a crucial factor for port management (Cullinane and Wang, 2006) since it is related to cargo-related services in the port, constituting the benchmark for comparing the port efficiency. Empty container throughput has also been included because empty container management is one of the sharpest problems suffering the logistics industry worldwide (e.g. Boile and Aboobaker, 2006; Sun and Yang, 2006) . Hence, this study use a single input, namely number of employees, and two outputs that describe the container operations of shipping agents, namely the number of loaded and empty containers handled. Note that although some outputs are zero, this should pose no problem to DEA, provided no-radial output oriented models are avoided, as in our case. Of course, the radial efficiency score used does not include possible output slacks that may remain. This is a limitation of Farrell efficiency, which only guarantees weak efficiency but not ParetoKoopmans efficiency. An alternative, which we have not pursued, is to use for example the Measure of Efficiency Dominance as efficiency score (Bardhan et al., 1996) . ============================= Table 1 ============================   Table 2 shows the technical efficiency scores of the different shipping agents computed using the well-known DEA-BCC model . Although other, more sophisticated DEA models (e.g. non-radial or slacks-based) could have been applied, the DEA-BCC model was chosen because is the simplest and still most widely used DEA approach. LINGO optimization software has been used. Since there may be scale effects and since there is no guarantee that the DMUs operate at their Most Productive Scale Size (Banker, 1984) Variable Returns to Scale (VRS) have been assumed. An input orientation has been chosen because it is assumed that shipping agent management has no control over outputs. As suggested by one of the reviewers, we have tested if the efficiency results obtained considering loaded and empty containers differ from the efficiency results integrating full and empty container in one single output. This would happen if a significantly different level of effort were needed by shipping agents in dealing with both types of containers. The results of the Mann-Whitney test (W statistic=7662.5; pvalue=0.2188) cannot reject the null hypothesis that the results of both DEA models come from a common efficiency distribution. Thus, the Pearson correlation coefficient of both sets of efficiency results is rather high (0.922). This suggests that there does not seem to be great differences in the effort levels in the administrative work required by empty and loaded containers and that similar results can be obtained considering a single, pooled output. This can be seen as a confirmation of the validity of the obtained efficiency results.
============================= Table 2 ============================
The application of the iterative procedure of Ahn Tran et al., (2010) has allowed the identification and removal of 8 outliers (namely DMUs 7, 11, 14, 38, 49, 61, 76 and 85) which leads to a reduced dataset of 77 DMUs. Table 3 shows the sum and count values corresponding to the DMU removed in each iteration of the Ahn Tran et al., (2010) method. Note that the removed DMUs had actually high values of both of these indicators and therefore can be identified as outliers. Note also that, after removing 8 DMUs, the maximum values of both indicators were much reduced and the process stopped.
============================= which means that they would benefit from a certain consolidation in the sector.
The distribution of the technical efficiency per port is shown in Figure 1 peer groups. In total, around 1,000 employees may be redundant, which corresponds to around 60% of the current total. This gives an overall idea of the inefficiency level of the industry.
Stage two: Influencing factors analysis
In this section, a regression analysis of the technical efficiency scores of the different shipping agents is carried out using as explanatory variables whether the shipping agent is operating in one of the three main ports (dummy variables labeled Barcelona, Bilbao and Valencia) or in one of the other ports, the number of shipping companies (labeled ShipComp) and the number of container shipping lines with which it works (labeled ShipLines), and, finally, the cluster (as per González-Torre et al., 2013) to which the shipping agent can be assigned (dummy variables labeled C1, C2 and C3). According to that study, shipping agents can be grouped in four clusters. Cluster 1 is the largest cluster, made up of firms specialized in nationally-focused container transportation, i.e. they are less import/export oriented. The typical shipping agent in this cluster has many years experience and have the largest value of the number of shippers with which they work.
Cluster 2 shipping agents have the largest average number of employees. Much of their container traffic is at the regional level and they process a smaller number of ships. Cluster 3 is formed by shipping agents with the lowest number of years of operation. Although it is not the majority of their activity, they are the ones that handled more international container traffic. Shipping agents in Cluster 4 also have many shippers and a good number of years in operation but they have the lowest container traffic at all levels: international, national and regional.
These regression models aim at explaining the efficiency of shipping agents through their geographical location, number of clients (container shipping lines and shipping companies) and the classification of shipping agents. These variables have been chosen among those gathered in the survey of Spanish shipping agents (see González-Torre et al. 2013) because they may have an influence on the efficiency of the shipping agents, although the specific sign (positive or negative) of such influence is not known a priori. Table 4 presents the data used in the regression analysis of the shipping agents. Note that there are a few (exactly six)
shipping agents that do not belong to any of the four clusters. That occurs because they are dissimilar to the other agents that belong to each cluster. In this paper we have used OLS as well as QMLE and TBR to regress the DEA scores on the explanatory variables. The specifications of the different models are shown in Table 5 .
=============================
============================= Table 5 ============================ Linear regression was the first model specification considered, finding evidence to reject the normality of the efficiency scores at the 5% significance level (Anderson Darling statistic A 2 =1.480; p-value=0.005). As a remedial action to non-normality a proper BoxCox transformation (λ=0, i.e. logarithmic transformation) was successfully applied. Table 6 shows the results of OLS, QLME and TBR. These results were obtained using R package (release 9) and Stata (release 11). Note that the estimated coefficients that are significant are the number of container shipping lines which the shipping agent works with, as well as, the dummy variables that correspond to the three clusters (C1, C2 and C3 (2) were tested by computing Ramsey's RESET statistic without finding empirical evidence of misspecification in the models (Papke and Wooldridge 1996) . A direct comparison of models (1), (2) and (3) from log-likelihood criterion, evidence that model (3) is the best for explaining the efficiency of the container operations of shipping agents in Spanish ports.
============================= Table 6 ============================
The estimated regression models indicate that the efficiency score is related to the clusters variables and to the number of container shipping lines. According to the three models, the variables indicating the clusters 1, 2 and 3 are all significant with the coefficient of C1 larger than that of C2 and this larger than that of C3. Thus, for example, according to model to manage their local business will be inclined to contract those agents that are more efficient. It can also happen that the concentration of work from multiple shipping lines allows to these shipping agents obtain economies of scale that result in more efficient services.
In contrast, the geographical location of the port and number of shipping companies with which Spanish shipping agents work are insignificant in the three models. This is important to shipping agents in order to avoid support their performance strategy in location decisions, as well as the number of shipping companies they offer their services to.
To obtain additional insights into the efficiency of shipping agents, a regression model was estimated incorporating an additional dummy variable (labeled Delegation) to test whether the operating benefits of the shipping agents depend on its being a branch of a larger shipping agency company. The results confirmed those of Table 6 , but the Delegation variable was statistically insignificant in the regression models (1-3) at the 0.10 level, remaining the sign of the significant variables the same. These findings provide evidence supporting the view that the shipping agents' efficiency is not influenced by its being, or not, a branch of a large shipping company.
Summary and conclusions
In this paper a two-stage DEA study of the technical and scale efficiency of the shipping agents operating containers in Spanish ports is presented. After detecting and removing a few outliers, eight technical efficient and two global efficient shipping agents are identified.
Overall efficiency levels are low with most companies employing a larger number of employees than required. The average efficiency of the shipping agents operating at each of the main ports has also been computed. Also, the efficiency of shipping agents belonging to each of the four clusters identified in the literature has been analysed.
Finally, in the second stage, technical efficiency scores have been regressed against a number of exogenous variables and a number of factors (e.g. number of associated container lines and cluster to which the agent belongs) have been found to be significant in explaining the observed efficiency scores. In particular, those shipping agents belonging to cluster 4 are less efficient than the rest while agents belonging to cluster 1 are more efficient than the rest.
Regarding the managerial implications of this research, we have provided clues to better understand what are the main factors affecting the technical efficiency of the shipping agents' operations, and therefore, what could be important when defining strategies for those firms. We have shown how inefficient is this industry overall, and have collected proofs supporting that consolidation in the sector could be advantageous for companies.
Our results show that the number of container lines operated has a positive influence in the efficiency of the shipping agents, although possibly more as a consequence than as a cause.
Both the experience curve effect and the economies of scale gained when working with so many lines could explain the relevance of this factor, while such benefits are not observed when working with many shippers. Finally, these companies, according to our results,
would not obtain significant efficiency benefits due to relocating to bigger ports or for the fact of being a subsidiary of a shipper instead of an independent firm.
As for possible continuations of this research, one would be to include in the analysis not only the container processing activity but also their cargo freight business. It would also be interesting to extend the analysis to other countries and see if similar results are found. It would also help to benchmark the best practices of the different countries and test whether the regulatory environment has an influence. Barros, C.P. and Peypoch, N. (2007) Table 3 . Iterations of the outlier detection method Table 4 . Database of Spanish shipping agents: exogenous variables Table 5 . Regression models specification 
